Background: The significance of combination of docetaxel (DTX) with estramustine phosphate (EMP) in castrationresistant prostate cancer (CRPC) patients remains unclear. In this study, we aimed to retrospectively evaluate the efficacy and toxicity of DTX with or without EMP and to elucidate the significance of DTX and EMP combination therapy in Japanese EMP-refractory CRPC patients. Methods: To compare the efficacy and toxicity of DTX and EMP, we divided CRPC patients, who were confirmed to be resistant to EMP, into the following two groups: group D (n = 28), which included patients treated with DTX (60 mg/m 2 , once in every four weeks) alone, and group DE (n = 33), which included patients treated with a combination of DTX (60 mg/m 2 , once in every four weeks) and EMP (twice daily oral administration at 280 mg).
Background
The efficacy of docetaxel (DTX) in castration-resistant prostate cancer (CRPC) patients was shown in two clinical trials of TAX 327 [1] and SWOG 9916 [2] in 2004. Thereafter, DTX-based therapies have been used worldwide for treating CRPC patients. TAX 327 reported a median overall survival (OS) of 18.9 months with administration of DTX every three weeks, and SWOG 9916 reported a median OS of 17.5 months with DTX and estramustine phosphate (EMP) combination therapy every three weeks. While these results showed that DTX was more effective than mitoxantrone, they also raised other questions about whether addition of EMP to DTX was effective for CRPC patients. To clarify this point, several clinical trials and one meta-analysis have been performed thus far. While there have been some reports describing the usefulness of DTX and EMP combination therapy [3] [4] [5] , other reports suggest that the combination treatment is not useful [6] . A preclinical report showed that addition of EMP did not enhance the efficacy of DTX [7] , while other preclinical studies confirmed that EMP in combination with DTX exerted beneficial effects in prostate cancer [8, 9] . Since the views on the efficacy of DTX and EMP combination therapy are controversial, it is important to determine clinically whether or not EMP enhances the efficacy of DTX.
In considering the patient backgrounds in the clinical trials described above, however, CRPC patients pretreated with EMP were excluded in SWOG 9916, while both patients treated with and without EMP were enrolled in the clinical trials described above [4] [5] [6] . Since patients entered in these previous clinical trials were EMP-naive patients or the mixture of EMP-naive and refractory patients, we focused on the efficacy of DTX by the addition of EMP in EMP-refractory CRPC patients in order to examine the modulatory effect of EMP on DTX in clinical setting.
In the present study, we retrospectively compared the efficacy and toxicity of DTX treatment with and without EMP in Japanese EMP-refractory CRPC patients in order to elucidate the significance of the addition of EMP to DTX therapy.
Methods

Subjects
Between July 2003 and October 2010, 90 CRPC patients were pathologically diagnosed with adenocarcinoma of the prostate and treated with DTX at our institution. From this group, 61 CRPC patients who were treated with EMP monotherapy, then confirmed to be resistant to EMP, and received two or more courses of DTX therapy were included in the present analysis. These EMP-refractory CRPC patients were divided into two groups as follows: group D consisting of 28 patients who were treated with DTX without EMP and group DE consisting of 33 patients treated with DTX and EMP combination. The reasons why EMP was not concomitantly administered in group D included adverse events in 16 patients (57%) and the patient request in 12 patients (43%). DTX therapy was initiated in patients resistant to androgen deprivation therapy, which uses luteinizing hormone-releasing hormone (LHRH) analogue and antiandrogen. Patients with antiandrogen withdrawal syndrome were excluded from the study. The inclusion criteria were Eastern Cooperative Oncology Group (ECOG) performance status (PS) of two or lower, white blood cell (WBC) count ≥1500/mm 3 , hemoglobin (Hb) ≥8 g/dL, platelet count ≥100000/mm 3 , total bilirubin ≤ upper limit of normal (ULN), and aspartate aminotransferase (AST) and alanine aminotransferase (ALT) ≤2.5 × ULN.
The patient characteristics by group are shown in Table 1 . There was no statistical difference in all parameters between both the groups. The median observation period was 19.5 months (range; 3.0-60.9 months). The median number of DTX treatment course was four in group D and five in group DE. This study was approved by the institutional review board of Jichi Medical University and written informed consent was obtained from all patients.
Treatment
We used a modified version of the regimen used in SWOG 9916 [2] as the treatment protocol. Briefly, DTX 60 mg/m 2 was administered by intravenous drip infusion for one hour on day one once every four weeks. Further, eight mg of dexamethasone was administered by intravenous drip infusion as premedication before and after treatment with DTX. The treatment course was repeated every four weeks. In group D, DTX alone was administered after confirming the resistance to EMP. Meanwhile, in group DE, DTX and EMP equivalent to the amount administered before DTX therapy was administered after confirming the resistance to EMP. Although 280 mg EMP twice daily was orally administered every day, dose reduction up to 280 mg/ day was allowed according to the degree of adverse events. The treatment was continued until progression of disease was observed, and it was stopped after the occurrence of adverse events which made it impossible to continue the treatment or on patient request. Progression of disease was defined as biological progression characterized by the increase in evaluable lesions observed on imaging test or continuous elevation of serum PSA on at least three consecutive measurements.
At the initiation of treatment and before each cycle, medical history of the patient was taken and physical examination, PS evaluation, and hematological examination (blood count, biochemistry, and PSA) were performed at least once every four weeks. Computed tomography (CT) and bone scintigraphy were performed at least once every 16 weeks.
Outcomes
Primary endpoint was PSA response. According to the recommendations of Prostate Cancer Clinical Trial Working Group [10] , the decreasing rate of PSA of each patient is shown in the waterfall plot. The decreasing rate of PSA was obtained from the value determined just before the initiation of treatment with DTX and the lowest value of PSA during treatment. Patients with a PSA decrease rate of 50% or more were defined as PSA responders and those with a rate of 0% or less were PSA nonresponders. Secondary endpoints were time to progression (TTP) of PSA, OS, and toxicity. TTP was defined as the period from the initiation of treatment to PSA progression. PSA progression was defined as a 25% or greater increase and an absolute increase of 2 ng/mL or more from the nadir, which was confirmed by a second value obtained three or more weeks later. OS was defined as the period from the initiation of treatment to death. When patients were lost to follow-up, OS was considered up to the last day on which the patient survival was confirmed.
Adverse events were determined according to the classification by National Cancer Institute Common Toxicity Criteria (NCI-CTC), version 4.
Statistics
Mann-Whitney U test or chi-square test was used for comparing clinical and pathological data, PSA response, and adverse events. TTP and OS were obtained by using Kaplan-Meier method and compared using log-rank test. Multivariate analysis was performed by using Cox proportional-hazard analysis for the identification of prognostic factors. Continuous data were divided into two groups according to median value. P value of less than 0.05 was judged as statistically significant.
Results
Efficacy PSA response by group is shown in a waterfall plot ( Figure  1 ). Six patients (21%) in group D and eight patients (24%) in group DE were PSA responders and 10 patients (36%) in group D and 11 patients (33%) in group DE were PSA nonresponders. There was no statistical difference in PSA response between these two groups (p = 0.962).
The median TTP was 12.0 months (range; 1.5-54.3 months) in group D and 6.2 months (range; 2.4-39.2 months) in group DE (Figure 2A) ; further, the median OS was 26.4 months (range; 3.9-60.9 months) in group D and 24.3 months (range; 3.0-51.8 months) in group DE ( Figure 2B ). There were no statistical differences in median TTP and OS between these two groups (TTP, p = 0.113; OS, p = 0.853). Eight patients (29%) in group D and 19 patients (58%) in group DE died of cancer. The reasons for discontinuation were progression of disease in 18 patients (64%) in group D and 22 patients (67%) in group DE and the occurrence of adverse events in three patients (11%) in group D and one patient (3%) in group DE. Currently, four patients (14%) in group D and six patients (18%) in group DE are continuing the treatment.
Subgroup analysis
Univariate analysis using log-rank test revealed a significant association between OS and five factors (PSA at Table 2) . Multivariate analysis using six factors, which included the five above-mentioned factors and treatment factor (group D vs group DE), revealed the same results as shown in Table 2 , indicating that addition of EMP to DTX is not associated with prognosis (data not shown).
Toxicity
Adverse events are shown in Table 3 . There was no statistical difference between the two groups based on the incidence of grade 3/4 adverse events. The most frequent adverse events were neutropenia (n = 19, 68%) in group D and leukopenia (n = 15, 45%) in group DE. The most frequent grade 3/4 adverse event was neutropenia in the both groups; 14 patients (50%) in group D and 11 patients (33%) in group DE had neutropenia. Although there were no significant differences in the incidence of leukopenia and neutropenia between the two groups, these effects were less common in group DE than in group D. Further, grade 2 thromboembolism in one patient and interstitial pneumonia in one patient were observed in group DE; however, there was no treatment-related death in any group. In addition, gastrointestinal symptoms (anorexia, nausea, and diarrhea), fatigue, and alopecia were frequently observed in the both the groups. Grade 3 allergic reaction was observed in one patient in group DE and taste disorder was observed in two patients (one patient in group D and one patient in group DE).
Discussion
The significance of addition of EMP to DTX therapy in CRPC patients is still controversial in clinical trials [3] [4] [5] [6] as well as preclinical studies [7] [8] [9] . Therefore, it is reasonable to compare the clinical efficacy of DTX + EMP combination with DTX alone in EMP-refractory CRPC patients in order to elucidate the significance of addition of EMP to DTX therapy. Present retrospective study showed, for the first time, that there were no significant differences in OS, TTP, PSA response, and adverse events between group D and group DE in EMP-refractory CRPC patients, suggesting that addition of EMP to DTX therapy had no survival benefit. The PSA response (> 50% decline in PSA) in SWOG 9916 [2] was 50%. However, the PSA response in this study was low; only 21% patients in group D and 24% patients in group DE responded to treatment with 60 mg/m 2 DTX, which was similar to the regimen of SWOG 9916. Our result is consistent with that of another study in which patients who had been treated with EMP showed a lower PSA response as compared to patients without a history of EMP treatment [11] , suggesting that treatment with EMP before DTX treatment decreases the PSA response. However, the median OS in group D was 26 months and that in group DE was 24 months. Further, these median OS are not only greater than that of nine months after treatment with 55 mg/m 2 DTX [12] or that of 18 months after treatment with 60 mg/m 2 DTX in SWOG 9916 but also consistent with the 15-27 months median OS obtained after treatment with 70-75 mg/m 2 DTX [1, [4] [5] [6] 13, 14] . The median OS of 24 months or more achieved in this study was considered to be due to the initiation of DTX therapy with low PSA value as compared with that obtained in the previous reports [1, [4] [5] [6] 13, 14] , because multivariate analysis performed in this study and the report by Bamias et al. [15] demonstrated that OS prolonged when PSA was low at the initiation of DTX therapy. Since the adverse events observed in this study were well tolerated, treatment with 60 mg/m 2 DTX seems to be effective and safe even in EMP-refractory CRPC patients. In recent years, several novel agents such as abiraterone [16] , sipuleucel-T [17] and MDV3100 [18] have been developed and showed significant clinical efficacy against CRPC. Treatment with these agents would provide the survival benefit for CRPC patients.
Regarding adverse events in TAX 327 and SWOG 9916, the incidences of grade 3/4 neutropenia were 32% and 13% in TAX 327 [1] (DTX, 75 mg/m 2 ) and SWOG 9916 [2] (DTX, 60 mg/m 2 ), respectively. Further, the incidence of grade 3/4 neutropenia in clinical trials performed in Japan was 93% and 33% after treatment with 70 mg/m 2 [19] and 55 mg/m 2 DTX [12] , respectively, indicating high incidences of DTX toxicity. In addition, the incidence of neutropenia after 60 mg/m 2 DTX treatment was 86% in a clinical study on Japanese pancreatic cancer patients [20] , suggesting that the incidence of neutropenia is high among Japanese patients. Although the sample size of our study was small, the incidence of grade 3/4 neutropenia was 50% and 33% in group D and DE, respectively, which were higher as compared to the values reported in SWOG 9916 using 60 mg/m 2 DTX. However, no incidence of death or severe complications suggested that our treatment was well tolerated. Furthermore, grade 2 thromboembolism was observed in one patient (3%) of group DE. Since EMP increases the incidence of thromboembolism [2, 3, 6] , it should be used with caution. The reason why the incidence of adverse events was not significant between group D and DE might be due to the means of treatment assignment. Namely, two-thirds of patients with adverse events by EMP monotherapy and those without them were classified in group D and DE, respectively. Although addition of EMP to DTX therapy might not show any survival benefit in CRPC patients, it was of interest that addition of EMP to DTX therapy lowered the incidence of grade 3/4 neutropenia (50% in group D and 33% in group DE), though not by a significant extent. Meta-analysis [3] of chemotherapy combined with EMP showed a significantly low incidence of neutropenia due to concomitant use of EMP in the chemothrapy. In addition, treatment with EMP showed increase in the leukocyte count in patients with hormone-naïve prostate cancer [21] or CRPC [22] . Taken together, it is suggested that EMP increases the leukocyte count leading to the myeloprotection in the chemotherapy, albeit under limited conditions; hence, the significance of addition of EMP to DTX therapy may be attributed to the myeloprotection rather than the survival benefit. Further studies are required to clarify this point.
Multivariate analysis performed in this study revealed that PSA at baseline, time from diagnosis to DTX chemotherapy and the number of DTX cycles were related to the prognosis. Although these factors were statistically significant, the definitive conclusions cannot be drawn because of the small number of death events observed in this study. These factors have been reported as prognostic factors in other studies [11, 15, 23, 24] ; hence, DTX treatment should be introduced when PSA values are low and continued for as long as possible. However, addition of EMP did not serve as a prognostic factor.
This study has some limitations; it is a retrospective study with a small sample size and not a randomized clinical trial. However, it was concluded that addition of EMP to DTX therapy might not show any survival benefit in EMP-refractory CRPC patients although treatment with 60 mg/m 2 DTX had the OS and toxicity profiles comparable to those in TAX 327 and SWOG 9916. Further studies would be needed to elucidate the significance of addition of EMP to DTX therapy.
Conclusions
Although treatment with DTX at 60 mg/m 2 was effective and highly tolerated in EMP-refractory Japanese CRPC patients, addition of EMP to DTX therapy might not show any survival benefit in CRPC patients.
